Starting in the late 1990s, the pharmaceutical industry sought to increase prescribing of opioids for chronic non-cancer pain. Influencing the content of clinical practice guidelines may have been one strategy industry employed. In this study we assessed potential risk of bias from financial conflicts of interest with the pharmaceutical industry in guidelines for opioid prescribing for chronic non-cancer pain published between 2007 and 2013, the peak of opioid prescribing.
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Introduction
Understanding the root causes of the opioid crisis may help prevent similar iatrogenic epidemics in the future. The pharmaceutical industry's influence on physician prescribing, particularly in Canada and the US, appears to be a major cause of the crisis [1, 2] . In the late 1990s, Purdue Pharma started aggressively marketing its opioid, Oxycontin (oxycodone), for chronic non-cancer pain (CNCP) through academic detailing and education sessions for physicians [3] . Other pharmaceutical companies followed suit [4] . These activities have been linked to the rise in opioid prescriptions and the subsequent harms [3] [4] [5] [6] [7] .
Clinical practice guidelines are another mechanism that the pharmaceutical industry may have used to influence physicians' opioid prescribing practices. Clinical practice guidelines provide evidence-based clinical recommendations to improve patient care and outcomes [8] [9] [10] . They have a moderate impact on the behaviour of health care providers [11] [12] [13] . A recent study found that the 2016 Centre for Disease Control (CDC) guideline for opioid prescribing led to declines in opioid prescribing [14] . Given the potential impact of guidelines, the Institute of Medicine in its 2011 report "Clinical Practice Guidelines We Can Trust," recommends that organizations that produce guidelines take steps to mitigate bias. These steps include selecting guideline chairs and committee members without financial conflicts of interest, creating a multi-disciplinary committee and ensuring a rigorous external review [8] . These recommendations aligned with earlier guidance [15] . Research has demonstrated, however, that many guidelines do not adhere to these recommendations, particularly independence from the pharmaceutical industry [16] [17] [18] [19] .
To date, guidelines for opioid prescribing for CNCP have escaped scrutiny. For example, in 2014, well into the opioid crisis and at the peak of opioid prescribing [20] [21] [22] [23] [24] , Nuckols et al. published a systematic review and critical appraisal of guidelines for opioid prescribing for adults with CNCP. Other than reporting the range of scores for editorial independence, it did not address potential bias from financial conflicts of interest with the pharmaceutical industry [25] .
Our study objective was to assess the potential risk of bias from financial conflicts of interest with the pharmaceutical industry in the guidelines for opioid prescribing for chronic non-cancer pain that were included in the 2014 systematic review and critical appraisal by Nuckols et al. [25] .
Methods

Overview
We conducted an appraisal of the 13 clinical practice guidelines included in the 2014 systematic review and critical appraisal by Nuckols et al. [25] . (Table 1) . For each guideline we compared our findings to their critical appraisal score for overall guideline quality. This approach allowed us to build upon Nuckols et al.'s work.
Data sources
We assessed the 13 guidelines for opioid prescribing for CNCP that were included in the Nuckols et al. 2014 systematic review and critical appraisal [25] . Nuckols et al. included English language guidelines published between 2007 and 2013 that addressed the use of opioids to treat CNCP in adults. The guidelines had to be clinical practice guidelines that included "recommendations intended to optimize patient care that are informed by a systematic review of evidence and an assessment of the benefits and harms of alternative care options" and were published after 2006 [47] . To assess the quality of the Nuckols review, two authors (SMS and PL) independently rated the guidelines using the JBI Critical Appraisal Checklist for Systematic Reviews and Research Syntheses [48] . Differences were resolved with discussion. The Nuckols review satisfied all checklist criteria except for item 7: "Were there methods to minimize errors in data extraction?" For item 7 the authors do not mention any methods to minimize errors in data extraction (e.g. data extraction in duplication or extraction double-checked). There were no concerns about the inclusion criteria, search strategy, criteria for appraising studies, appraisal method and methods to combine the data.
For each guideline, we evaluated the same version that was reviewed and appraisal by Nuckols et al. In two cases we had to request the version of the guideline used by Nuckols et al. from the sponsoring organization because it was no longer available online [41, 42] . If the guideline did not contain information on the chair and committee members' conflicts of interest we contacted the sponsoring organization or authors for this information. We also used supplementary information on guideline methods when available from the sponsoring organization [49, 50] . Since individuals and organizations often neglect to report conflicts of interest [51] [52] [53] , we checked independent sources. To determine if the sponsoring organization was a professional society that receives pharmaceutical industry funding or was a proprietary company, two reviewers independently searched the organization's website (including any webpages on sponsorship and annual reports) to determine if it received funds from the pharmaceutical industry. To determine if the committee chair had conflicts of interest in the two years prior to publication, two reviewers independently conducted a Pubmed search and a Google search of the chair's name to look for this information. For the Pubmed search we searched the author's name for any publications for the same year the guideline was published and checked if these listed any conflicts of interest. For the Google search, we searched the author's name with the term "conflict of interest." We reviewed the first 30 entries (three pages) for information on conflicts at time of guideline publication and up to two years prior. We opted for conflicts of interest up to two year prior because that was a common standard for conflict of interest reporting in 2007 to 2013 [15] . For their critical appraisal Nuckols et al. assessed guideline quality using the Appraisal of Guidelines for Research and Evaluation II (AGREE II) instrument, [54] and the systematic review supporting each guideline [25] using the A Measurement Tool to Assess Systematic Reviews (AMSTAR) tool [55] . The AGREE II instrument assesses the quality and reporting of practice guidelines [54] , and it can also be used to inform guideline development and reporting [56] .
Instrument
To guide our assessment of the risk of bias in guidelines, we used the Guideline Panel Review (GPR) [57] . The GPR was created by an international expert working group (the Guideline Panel Review working group) in 2013 using a modified Delphi process [57] . The tool assigns red flags to practice elements "known to introduce potential bias" [57] . The goal of the group was to inform patients and those that develop, publish and use guidelines. The GPR reflects the standards created by the Institute of Medicine for developing trustworthy guidelines [8] . The GPR focuses on financial conflicts of interest, in particular those involving industry, because industry-funded networks dramatically amplify findings that support its products and obscure those that do not [57, 58] .
Operationalizing the GPR
The GPR has not been validated or operationalized and at present is described by the creators as a "framework for future developments" [57] . The developers also designed the tool to be used by the organization producing the guidelines and submitted to the journal along with the guidelines. Journals would use the information to decide whether or not to publish the guidelines. They would also publish the GPR along with the guideline. We found, however, that it was able to also provide us with a framework as we appraised the guidelines. Lenzer and colleagues also used this approach to evaluate guidelines [57] . We operationalized the GPR for our purposes by creating specific definitions for each red flag ( Table 2 ) through several rounds of testing and discussion. Differences were resolved through discussion. Our operationalized statements vary in several places from how the GPR was employed by Lenzer and colleagues [57] . For financial conflicts of interest, we report only on financial conflicts of interest with industry. Other financial conflicts of interest can have an impact-like professional conflictshowever, this was not the focus of our study. The most challenging red flag to operationalize was panel or committee stacking because it was very difficult to determine each committee member's views prior to the guideline development. This may be easily accomplished if guideline sponsors asked participants to self-report their views. However, it was not feasible for our assessment. Therefore, in discussion, we decided we would use expertise in chronic pain or addictions as a proxy for a balanced committee. This would ensure there were committee members who saw the benefits of opioid prescribing for CNCP and members who saw the harms. We set a minimum of 10% of committee members from each of these two categories. And finally, the GPR also uses a "caution" rating for items that may be an "important part of guideline development, but for which there is not proof that bias is introduced by the presence of that element." We opted not to report cautions because of the lack of evidence to support these items.
Data extraction
We created a data abstraction form using the GPR. All six reviewers independently pilot-tested the form on two guidelines. We reviewed the results and modified the form based on team feedback. Two reviewers then independently assessed each guideline and completed the data abstraction form. Differences in opinion were resolved through discussions, and when needed, a third reviewer (SMS) assisted in making the final decision.
Outputs
Our outputs included: name of the guideline and sponsoring organization; location; date published; GPR red flags; sources for completion of GPR (official guideline/supporting documents/information on website/correspondence with the sponsoring organization and/or authors producing the guideline). We compared the AGREE II scores for overall quality from Nuckols et al.'s systematic review and critical appraisal [25] to our findings. The overall quality score is a global score reported by reviewers after rating all the domains of quality. It is based on the other scores but is not calculated from those scores [25, 54] . We did not compare our findings to the AMSTAR scores from the study because AMSTAR assesses systematic reviews underpinning the guidelines, not the guideline itself.
Data synthesis
We displayed our results in tabular format to summarize the number of red flags and uncertain items (items which could not be confidently appraised with available information) for 
Results
Overview
We appraised the 13 guidelines in the systematic review and critical appraisal by Nuckols et al.
( Table 1 ). The guidelines, one Canadian and the rest American, were published between 2009 and 2012. We assigned 43 red flags in total to the 13 guidelines (Table 3) .
Sponsor
We assigned a red flag to four of the guidelines because the sponsoring organization was a professional society that accepted funds from the pharmaceutical industry [27, 31, 32, 45] , and a red flag to the fifth one because the guideline was funded through an unrestricted pharmaceutical grant [40] . Among the four professional societies that accepted pharmaceutical industry funding, this information was not declared in the guidelines, but was found in supplementary sources.
Chair(s)
We assigned a red flag to five guidelines because at least one of the committee chairs received funding from the pharmaceutical industry in the two years prior to its publication [27, 30, 35, 40] , all but one [35] from opioid manufacturers. We also assigned a red flag to a guideline because the co-chair was on the board of directors of patient advocacy group that received over 90% of its funding from the pharmaceutical industry [45] . In three of the five guidelines that received a red flag, conflicts of interest information was either not declared, or not stated in the guideline or available from the sponsoring organization, but were found in other source documents [27, 40, 45] . We assigned an uncertain rating to one guideline because its sponsor did not report the names of committee chairs, and we were unable to contact the organization [39]. Committee stacking Less than 10% committee members with pain or addiction expertise 7 1
Role of methodologist
No methodologist or methodologist has a minor role (i.e., not the chair or lead of the committee or an oversight committee) Financial conflicts of interest in opioid prescribing guidelines
Committee members
We assigned a red flag to three guidelines because at least two of the committee members had received funding from the pharmaceutical industry in the two years prior to its publication [27, 29, 35] . We assigned an uncertain rating to four guidelines because they did not contain conflict of interest declarations, and we were either unable to contact the sponsor or authors [39,40]; or the sponsoring organization declined to provide the information [32]; or only provided limited information [45].
Panel stacking
We assigned a red flag to six guidelines because they had evidence of "panel stacking:" the exclusion of members likely to have an opposing view [26,29,32,41,42,46]. These six guidelines had less than 10% of their members with expertise in addictions. For one guideline we were not able to determine if there was panel stacking because information on the committee members was not included in the guideline and we were not able to contact the author or guideline sponsor [40] .
Methodologist
We assigned a red flag to seven guidelines because no methodologist was mentioned, or they were not a chair or part of an oversight committee for methodology [27, 33, [39] [40] [41] [42] 46 ].
External review
We assigned a red flag to four guidelines because they did not undergo a formal external review [32, 39, 40, 42] . For two guidelines, information on the external review was located in supplementary materials [26, 45] .
Composition
Finally, only one guideline committee was both multi-disciplinary and included patient representatives, and therefore was not assigned a red flag [41].
Individual guidelines
The number of red flags for an individual guideline ranged from one to six (out of a possible seven) (see Table 4 for more details). Mean and median red number of flags for guidelines were 3.3 and 3.0, respectively. Since we were unable to obtain conflict of interest information from the authors or sponsoring organization of four guidelines, the number of red flags are likely higher than reported. 
Discussion
Our appraisal demonstrates that the pharmaceutical industry had a pervasive presence in clinical practice guidelines for opioid prescribing for CNCP from 2007 to 2013, the peak of opioid prescribing [20] [21] [22] [23] [24] . Additionally, organizations that produced the guidelines failed to regularly employ mechanisms, such as appointing a methodologist in a lead role or conducting an external review-to mitigate potential bias from industry involvement. Even guidelines that had high AGREE II scores for overall quality (indicating rigour in development and reporting of the guideline) (20) , had many red flags in our appraisal because of potential bias. Many guidelines also had missing or incomplete information on the sponsoring organization's funding sources, and on panel members' conflicts of interest. And finally, in a number of cases, guidelines provided incomplete or inaccurate information about financial conflicts of interest. As a result, the appraisal likely provides a conservative estimate of the potential for bias. To our knowledge, this is the first study to demonstrate the pervasive presence of the pharmaceutical industry in guidelines for opioid prescribing for CNCP. This aligns with past research showing the pharmaceutical industry's widespread involvement in guidelines on other topics [16, 17, 19, 59, 60] . A 2011 systematic review of studies that examined the effect of conflicts of interest on guidelines development and recommendations, found that most guidelines had committee members with conflicts of interest [59] . These conflicts of interest with the pharmaceutical industry can affect the attitudes and behaviour of individuals and organizations. Individuals with more conflicts of interest with pharmaceutical companies are more likely to espouse industry-friendly positions and prescribe more drugs [61] [62] [63] . Organizations with more financial conflicts of interest are more likely to make recommendations that would benefit industry [57, 64, 65] . Therefore, bias in guidelines for opioid prescribing for CNCP may have led to industry-friendly recommendations contributed to high rates of opioid prescribing. These findings are particularly concerning because risk of bias from industry presence in opioid prescribing guidelines appears to be ongoing; the 2017 Canadian Guideline for Opioids for Chronic Non-Cancer Pain had several members with conflicts of interest, including one who had been a speaker for Purdue Pharma [66, 67] .
Our finding that guidelines that scored high for overall quality on the 2014 critical appraisal by Nuckols et al.
[25] had many red flags aligns with findings in a study by Eady et al. [68] . In an appraisal of guidelines on treating acne, the authors reported that using the AGREE II tool during guideline development did not have "as great an effect on guideline quality as expected.
There is considerable room for improvement in acne treatment guidelines in order to satisfy the Institute of Medicine's trustworthiness criteria and avoid bias." The AGREE II tool assesses conflicts of interests and strategies to mitigate bias differently than the GPR and the Institute of Medicine. The GPR assigns a red flag if the sponsoring organization or individuals on the guideline committees have a financial conflict of interest. The AGREE II, however, rates a guideline with conflicts of interest equally as one without, as long as they are reported and their potential impact on the guideline described [54] . The medical literature indicates, however, that transparency is not sufficient to reduce bias and divestment from financial conflict is a better strategy [8, [69] [70] [71] [72] . Additionally, Nuckols et al. did not use supplementary sources for conflicts of interests and therefore did not identify the four sponsoring organizations and three chairs who did not accurately report financial conflicts of interest with the pharmaceutical industry. This may have affected the AGREE II score for overall quality. Finally, the AGREE II tool gives a guideline with a methodologist in a minor role a high score, whereas the GPR requires that the methodologist have a major role. The literature supports having a methodologist in a major role, because when content experts take the lead, evidence reviews are less accurate [73] [74] [75] . These findings indicate that the AGREE II may not accurately assess risk of bias from financial conflicts of interest with industry, particularly if appraisers do not seek out supplementary sources to assess for hidden conflicts of interest.
Our finding that many guidelines either did not report or accurately report funding sources for the sponsoring organization and conflicts of interest for individuals is consistent with other studies and media reports [53, [76] [77] [78] [79] [80] . A recent ProPublica and New York Times investigation found that a top cancer researcher consistently failed to disclose millions in payments [81] . Although some of the guidelines in our study were published prior to the 2011 recommendations from the Institute of Medicine, accurate disclosure was the accepted standard during the time period of these guidelines were published [82] . Reasons that individuals and organizations do not declare conflicts of interest has been poorly studied, but may include: not understanding what to declare [83, 84] ; believing that a conflict is irrelevant [85] ; and concerns about reducing trust in the guideline user [85] . Independent verification of conflicts of interest would help address reporting inaccuracies. This is easily done in the US with the Open Payments database (available since 2014) that records all industry payments to physicians [80] . A similar database, however, does not exist in Canada [86] .
Limitations
Our study allowed us to build on the past work of Nuckols et al. However, it also means we did not create and conduct our own search strategy. In particular, the English language requirement may have excluded some guidelines that would have otherwise met the inclusion criteria. It is also possible that Nuckols et al. missed English language guidelines (despite an appropriate search strategy). Additionally, although we used the same version of the guidelines as in the systematic review by Nuckols et al., we did not access the documents on the same dates. In two cases we had to order the version of the guideline used by Nuckols et al. from the sponsoring organization because it was no longer available online [41, 42] . Therefore, it is possible that the sources were slightly different and this may have affected our findings. The GPR also has some limitations. It is based on recommendations from the Institute of Medicine and other evidence [8, 57] , but has not been used frequently to date and is not a standardized or validated tool. However, it does provide a structured approach to descriptively appraise clinical practice guidelines. Another limitation was our difficulty in assessing for panel stacking. The GPR was designed for use by the guidelines organizer who would complete and submit the GPR along with the guidelines for publication. In this situation, the committee could easily and accurately assess the important views of the committee members prior to the creation of the guidelines. Conducting the assessment as external reviewers is much more difficult. However, we believe our approach (ensuring an adequate number of chronic pain and addictions specialists) would ensure that there were people on both sides of the opioid prescribing debate. Another limitation is our Google search for conflicts of interest not reported in the guidelines. It is possible that we missed conflicts of interest by not conducting a more exhaustive search. Therefore, our study is likely a conservative estimate of the potential for bias. And a final limitation is that we only examined conflicts of interest with the pharmaceutical industry. We did not assess other financial conflicts of interest (e.g. an individual's income from performing surgical procedures) [87] [57] , which can lead to bias in guidelines, but these were not the focus of our study.
Conclusion and next steps
Our findings reveal that the clinical practice guidelines for opioid prescribing for CNCP from 2007 to 2013 were at risk of bias because of pervasive conflicts of interest with the pharmaceutical industry, and with a paucity of mechanisms to mitigate bias. Even highly rated guidelines in a 2014 systematic review and critical appraisal had many red flags indicating a high risk of bias. More research is needed to understand the impact of the pharmaceutical industry's presence via conflicts of interest in opioid prescribing guidelines. This is particularly important given recent evidence of ongoing industry involvement in guidelines for opioid prescribing for CNCP.
Guideline sponsors, researchers and guideline users should consider using the GPR in guideline development and appraisal to assess risk of bias. Guideline developers should search independent sources where available, such as the Open Payments database, to verify the conflicts of interest reported by committee chairs and members.
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